The local existence and uniqueness of solutions for a nonlinear pseudo-parabolic equation are established in the Sobolev space
Introduction
The pseudo-parabolic equation possesses the form is regarded as the free electron density rate, term u is regarded as the linear dissipation of the free charge current and u p is a source of free electron current. Equation () is also In this work, we study the following nonlinear pseudo-parabolic equation: 
. We find that the local solution in the space H s (R n ) blows
For the space dimension n = , assuming that the initial value u  ∈ H  (R  ), α < , and p is an odd number, we find the global existence of solutions for Eq. (). For the other case n = , p = , and initial value u  ∈ H  (R), we also acquire the global existence result of solutions for Eq. (). The rest of this paper is organized as follows. The main results are stated in Section . Several lemmas and the proofs of main results are given in Section .
Main results
Firstly, we state some notations.
Let
with the norm defined by
For T >  and nonnegative number s, C([, T); H
For simplicity, throughout this article, we let c denote any positive constant.
We consider the Cauchy problem for Eq. ()
which is equivalent to
where - is the inverse operator of  =  -k . Now, we give our main results for problem (). 
For the case of space dimension n = , we have the result.
, and assume that q is an odd number and
Theorem . Let n = , q = , and u  ∈ H  (R) in system (). For any constants α and β, then problem () has a unique global solution u(t, x) satisfying
Several lemmas
Lemma . Let r and ρ be real numbers such that -r < ρ ≤ r. Then
This lemma can be found in [] or [].

Lemma . (Kato and Ponce []) If r
where c is a constant depending only on r.
Then problem () admits a unique local solution u(t, x) ∈ C [, T); H s (R) ∩ C  [, T); H s- (R) .
Proof For the first equation of problem (), we have
Letting functions u and v be in the closed ball B M  () of radius M  >  about the zero function in C([, T]; H
s (R n )) and letting be the operator on the right-hand side of (), http://www.boundaryvalueproblems.com/content/2014/1/177
Using Lemma . derives
and
where
and c is independent of T. Choosing T sufficiently small such that θ < , we know that operator is a contractive mapping. Applying the above inequality and () yields
Choosing T sufficiently small such that θ M  + u  H s < M  , we know that maps B M  () to itself. It follows from the contractive mapping principle that the mapping has a unique fixed point u in B M  (). This completes the proof.
Lemma . Let function u(t, x) be a solution of problem
, there is a constant c depending only on the coefficients of the first equation of system () such that
Proof Using = - +  and the Parseval equality gives rise to
For r ∈ (, s-], applying ( r u) r on both sides of the first equation of system (), noting the above equality and integrating the resultant equation with respect to x by parts, we obtain the equation
For the terms I  and I  , we have
For the terms I  and I  , using Lemma . gives rise to
which results in (). 
, the Sobolev imbedding theorem yields
Applying the inequalities (), (), and Lemma . completes the proof.
Proof of Theorem . For the space dimension n = , we write problem () in the form
Using R u j u x dx =  for any integer j and integration by parts, we have 
from which we obtain
If q is an odd integer, α ≤ , and u  ∈ H  (R), we get
Using the conclusion of Theorem ., we finish the proof of Theorem ..
Proof of Theorem . For n =  and q = , using () yields
, (   )
